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d ln J2 /dVare  in better agreement with the exper i -  
ment. 
The author should like to thank Dr. H. Bil l ing 
and Dr. G. Heldmann for helpful discussions.  
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Theoretical considerations of the conduction electron polarization i  Gd are reported. They predict hat 
5-10% polarization ought o be measured in an electron beam produced by field emission. 
The electron current  from a field emission 
cathode is produced by tunneling from the elec-  
tron states at and directly below the Fermi  level 
within some 10 .2 eV [1]. 
A field cathode, therefore, could be an intense 
source of polarized electrons, if one could pro-  
duce sufficient electronic spin polarization at the 
Fermi  edge and if this polarization remained un- 
affected by surface effects in the tunneling. Po-  
lar izat ion at Fermi  level E F can be obtained in 
two ways: paramagnetic mater ia l  in very high 
fields at very low temperatures shows the desired 
effect (Whrute force method"); the obtainable dif- 
ference in spin population at EF,  however, is 
extremely small  [2] in most metals and semicon-  
ductors. Only a narrow gap semiconductor with 
very smal l  Fermi  energy in the conduction band 
{m* << m) like InSb can be regarded as a hopeful 
candidate [3]. 
In ferromagnets a certain spontaneous spin 
polarization at the Fermi  level should exist. 
Against some theoretical  predict ions no electron 
beam polarization was found in the case of Fe and 
in photo emission from Ni (references in [2]). 
The fai lure of these attempts in 3d- ferromag- 
nets can be explained in two ways: a) Surface ef- 
fects in field emission lead to a complete destruc-  
tion of the polarization existing in the inter ior  of 
the metal at Fermi  level, b) The "effective" den- 
sity of states, i.e. the density averaged over the 
respective contributions of 3d and 4s electrons to 
the emiss ion current  is the same for the two spin 
directions. This could occur, if the density of 
states n(E) were practical ly constant over the 
energy interval  E t - E~ around K F = ½ (E T + E~), 
where E? and E~ are the effective Fermi  levels 
for the two spin states, or if the 4s electrons with 
their  probably vanishing polarization predominate 
in the emission. 
Assuming explanation b) to be true for Fe and 
Ni (for Co it should be the same, then) one can 
consider the situation in: ferromagnet ic  Gd. Here 
we have the following facts: 
a) The saturation magnetization is 7.55 ~B per 
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atom [4], of which s = 0.55 have to be attributed 
to the conduction band, because the seven 4f e lec -  
trons are local ized and energet ical ly at least 10 
eV below the conduction band [5]. 
b) The total number of conduction electrons is 
n = 3 per atom. Recent band structure calculations 
[5] show a mixture of 5d and 6s states for the con- 
duction band. The results  for the density of 
states up to the Fermi  energy E F of about 2.5 eV 
can be approximated by a parabol ic band with m* = 
= 3m, 2n(E~F) = 1.8 eV -1. We have then 
E T E~ 
,, -- f n(E)dE +f  n(E)dE, 
0 0 
Er E~ 
s--f n(E)d -f n(E)dZ. 
O O 
Withn(E) ~ v~ this gives E t~ 2.8 eV, E~ ~ 2.2 
eV. The difference should be equal to the aver -  
age effeetive xchange nergy E t - E~ = 0.6 eV = 
= 2SJsf , where 2S = 7 is the number of uncompen- 
sated 4f spins and Jsf the exehange integral  be- 
tween one 4f and one conduction band state. The 
result  agrees  reasonably with different calcula-  
tions [6], [7] which give J s f  = 0.05 - 0.1eV. 
This order  of magnitude for the 4.f-6s ex- 
change can also be inferred from recent exper i -  
ments about the shift of the optical absorption 
edge in EuO at its ferromagnet ic  transit ion [8], 
they show that 2S Jsf >~ 0.25 eV. 
All these considerations and numbers fit 
together nicely within 50% uncertainty; inserted 
in the parabol ic band approximation n (E)~ 
they predict  a polarization of the conduction e lec-  
trons at ~'F of 
n(Er) - n(E~) 
p= - 6% 
n(Et) +n(Ei) 
at zero temperature.  
If n(E) var ies  more rapidly near EF,  P can 
take on both larger  and smal ler  values; smal l  
amounts of metals of different valency added to 
Gd could be used to investigate this behaviour 
and to increase p. 
Based on these considerat ions we made a f i rst  
experimental  ttempt o measure  the polarization 
of field electrons from Gd [9]; for technical rea -  
sons this experiment did not succeed. 
Meanwhile an apparatus of the type descr ibed 
in [10] was available. The promis ing exper imen-  
tal results will be published soon [11]. 
We are indebted to Dr. P. J. Kennedy and Dr. 
P. S. Farago for valuable discussions.  
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